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Energy Method vs. Principle of Virtual Work

Principle of virtual work or virtual displacement in solid mechanics states that if u
is the solution to a boundary value problem, the virtual internal and external works
produces by admissible virtual displacements du are equal.

@ Virtual displacements du refer to displacements that are zero at essential boundary
values (so that solution displacement plus virtual displacement 1 = u + du (cf.
(79)) as another admissible trial function also satisfies essential boundary
conditions).

@ Virtual Displacement/Virtual work is basically the equation we obtain by
minimizing the energy function 411 = 0.

@ Similar principles (virtual temperature for heat flow in solids and virtual velocities
for fluid flow) are also directly derived from 611 = 0.

@ While principle of virtual work can be obtained from 411 = 0, it is often quite easy
to directly write and equate internal and external works for a given problem.
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Equation (98) can be written as,

Find u € V = {v € C'([0, L]) | v(0) = @}, such that,

Yéu e W= {ve C'([0,L]) | »(0) =0}

#=0u F(u(z))
L,—A-\,.-—-A—-\ L _
f du'(z) EAY'(z) dz = f du(x)g(x) dr + du(L)F
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Principal of virtual work states that internal and external virtual works
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Physical interpretation of Finite Element
Method (FEM)

StO\\W

tSﬁ

f——l,

L

MES517 Page 4



A sleeddy
>
Z/ 7
| )
Au .
_E
4 - A
£ ol
6 % g Ag Cs sy
I VEEN
L
K
_(i - M =) F*{Al? Au
AL L )
&hffnggg
SN N
Qf;,
%ﬂfm@ ae Fe by

f
Lok R e (femd)

¢



g .

k T g
. - —| | —
. —| \ ey £ e

3 i

v
iu;){ww*“\”
| (A.L A r:s\d\k't M\O‘M\
Ul ‘}W&\X\;’\:z
/! Y
", TN
AM = u‘z—-’('\l

ME517 Page 6



nd e ¢
end prm
s .
T —
| 3
o ngdl 4 E“A 5
o< F 4
{:, _F - {‘AL ‘Q[l "l)[WIJ _
Fo b I]D‘} k[ 'JIWJ
CQLM;N
It | .
D FL T s
k Ol are
: FL‘ \ \J MLJ tra pond - dipomr
v
—— L
L/ f b

shffmess M X

What is the use of this matrix equation?
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In FE for solid problems displacements are the unknowns of the problem.
After we solve the unknowns we can solve all the forces.

The fewer unknowns displacements, the fewer unknowns of FEM problem and the
easier to solve the problem.

1. Number the nodes and elements
To number nodes, we first number the unknowns then number

then those with known displacement
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We want to get to this stage:

faro = Gl ez wohn o OPagimg,

Questions: C\ \ N
U=l w gy W L
1. Can we use equation (*) ((LJ z k [—'l ‘}[ A ) 2—&5 )
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to obtain equation (**)?

2. If we derive equation (**) how can we solve for the unknowns which are?
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Answering Q1: How do we calculate the 3 x 3 stiffness matrix
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The forces from local elements add up together to give global system
force
FQ1 ﬁj/
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Using element matrices instead of F = k Delta u makes the "addition" of
forces much easier.
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